Resistance to Penicillin drugs is a global concern. Medicinal plant products provide unlimited opportunities for new drug leads because of the unmatched availability of chemical diversity. There is a continuous and urgent need to discover new antimicrobial compounds from the lower plant forms like bryophytes against new and re-emerging drug resistant infectious diseases. In this study, the collected epiphytic bryophytes Pogonatum microstomum (Schwaegr.) Brid, Fissidens brevinervis (Broth.) and Pallavicinia lyelli (Hook) were tested against Penicillin resistant bacterial pathogens. They were extracted by percolation method using various solvents like acetone, ethyl acetate and distilled water. The antimicrobial activity was evaluated against the different penicillin resistant pathogenic bacterial strains using agar well diffusion method. The bryophyte extracts showed remarkable inhibitory activity against bacterial pathogens. The extracts were further screened for phytochemical studies and they revealed the presence of alkaloids, flavonoids, phenol, proteins and amino acids, resins, saponins, steroids, tannins, xanthoproteins and sugars. The antimicrobial activities of bryophytes may be due to the presence of various secondary metabolites, which may enhance at the high altitudes.
Introduction
Penicillin resistance is one of the biggest challenges to face global public health at the beginning of the third millennium due to the drug resistance to pathogens (WHO 1994) . The methicillinresistant strains of Staphylococcus aureus quickly proved to be able potential pathogens (Barber 1961; Benner and Kayser 1968) . During the last 30 years, the epidemiology of methicillin-resistant staphylococci has shifted from that of a primarily nosocomial organism acquired in tertiary care centers (Chambers 1999) . To control the drug resistance, many methods have been suggested. The development of novel antimicrobial agents with activity against pathogens that have become resistant to currently available agents is one tactics for combating drug resistant organisms (Panghal et al., 2011) . Therefore the rapid propagation in antibiotic resistance and the increasing interest in natural products have placed medicinal plants back in the front lights as a reliable source for the discovery of active anti-microbial agents and possibly even novel classes of antibiotics (Kenneth 2009 Umadevi et al. (2013) , plants growing at high altitudes are subjected to a variety of stressful environments and hence they may produce a spectrum of secondary metabolites. So in keeping view of all these this study was made on the antibacterial activity and phytochemical analysis of bryophytes against penicillin resistant bacterial pathogens. The epiphytic mosses, Pogonatum microstomum (Schwaegr)Brid, Fissidens brevinervis(Broth.) and Pallavicinia lyelli (Hook) were collected from the highest peak region of the Nilgiri hills (blue mountains), the Doddabetta Peak, 4 km east southeast from Udhagamandalam, 11°24′10″N 76°44′14″E, which are a range of mountains forming a part of the Western Ghats. There are at least 24 peaks above 2,000 metres (6,600 ft) in the Nilgiris which make the southwestern edge of the Deccan Plateau. The Doddabetta Peak is the highest point with a height of 2,637 metres (8, 652 ft) in the Nilgiris and the southern extent of the range. A scientific study on their antimicrobial potential against Penicillin resistant microorganisms is not been reported much.
Materials and methods

Collection of Bryophytes
The epiphytic mosses were collected from the Doddabetta region of Nilgiri Hills, the Nilgiris District, Tamilnadu. The specimens were brought to the laboratory and identified in the Botany Laboratory and specimen was deposited on the herbarium, Department of Botany and Biotechnology, Bishop Moore College, Mavelikara (BMC/BBT-15-04; BMC/BBT-15-05; BMC/BBT-15-06 respectively). Collected samples were identified by using "Gangulee's mosess of eastern India and adjacent regions" (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) . The identification was mainly based on habit, morphology, leaf structure, presence or absence of costa, pattern of cells in base, middle and terminal portion, leaf margin, arrangement of chloroplast, distribution etc. Using this features collected, they were identified as Pogonatum microstomum (Schwaegr.) Brid, Fissidens brevinervis (Broth.) and Pallavicinia lyelli (Hook).
Extract preparation
The bryophytes collected were separately washed with distilled water to remove the adhering soil or extraneous dust particles. The shade dried plants were further ground into a fine power. Organic solvents such as 95 % (v/v) acetone, 95 % (v/v) Ethyl acetate and (Nice, Cochin) distilled water were employed for the extraction of different bioactive principles. In this study, cold extraction (percolation) was done. Powdered plants (50 g) were extracted with 100 mL respective solvents for 96 h at room temperature. The crude extract can be prepared by filtering the extracts with whatman filter paper No. 1 followed by evaporating the solvent in open air. Then the extract was collected and stored at 4oC and checked for their antimicrobial property.
Antibiogram studies of test pathogens against Penicillin
Antibiogram studies of test pathogens are essential for determination of antimicrobial effectiveness since some of the pathogens are resistant against potential antibiotics. In this study all the test organisms were checked for antibiotic susceptibility by employing commercial antibiotic discs (Hi-Media, Mumbai). Sterile Penicillin discs (10 µg /disc) were employed for the study. The antibiotic discs were impregnated on Muller-Hinton Agar plates which were preseeded with test organisms and incubated at 37 ± 0.5 o C for 12 to 14 h. The antibiotic sensitivity pattern of the test pathogens were deduced from the standard interpretation chart. 
Antibacterial activity
Assay of antimicrobial activity
The antimicrobial activity was assessed using the Agar well diffusion assay (Perez et al., 1990 ). All bacterial cultures were plated out on Nutrient agar plates and were incubated for 24 h at 37 ± 0.5 o C and colonies from this fresh culture were used for making suspension. Fresh inoculums of approximately 10 6 CFU (colony forming units)/mL of tested microorganisms were used for the study. 100 µL of the bacterial suspension was uniformly spread on sterile Muller Hinton Agar plates. After solidification of the agar, wells were made with a 6 mm sterile cork borer. Different concentrations of the bryophyte extracts were made with 99% (v/v) DMSO (Dimethyl sulfoxide) and 100 µL of the extract were poured in the wells. The plates were incubated for 24 h at 37 ± 0.5 o C and antibacterial activity of the plant extract was observed by measuring the diameter zone of inhibition in millimeters. Negative controls were made by DMSO alone and Positive controls were made by the antibiotic Streptomycin (25 µg /mL) at the centre of the plate. The experimental data were expressed as mean ± SD of triplicates using Microsoft Excel Software Programme.
Preliminary phytochemical analysis
The extracts of the collected bryophytes using different solvents were screened for the qualitative analysis of different classes of natural compounds, using the standard methodology of Sofowora (1982) . The major pharmaceutically valuable phytochemical compounds like alkaloids, carboxylic acids, coumarins, flavonoids, phenol, proteins and amino acids, quinones, resins, saponins, sterols, tannins, xanthoproteins and sugars were investigated in the present study.
Results and Discussion
The bryophytes were identified as Pogonatum microstomum (Schwaegr.) Brid, Fissidens brevinervis (Broth.), Pallavicinia lyelli (Hook) and authenticated from the literature ( Table 1) . The antibiogram studies against the test pathogens to find out the Penicillin resistance by using commercial Penicillin discs are given in Table 2 . The antibiogram studies revealed that all the tested microorganisms are resistant against Penicillin. The antibacterial activity of the bryophyte extracts are given in Table 3 . Among the liverworts tested, the maximum antibacterial activity was reported by the aqueous extract of the liverwort, Pallavicinia lyellii, against Vibrio cholera, (27±1.5 mm). The ethyl acetate extract of the bryophyte P. microstomum (Schwaegr) Brid reported moderate antibacterial activity against Staphylococcus aureus (MTCC 3160). The result of this research highlights the activity of both the organic solvent and aqueous extracts. The antimicrobial principles were either polar or non-polar and they were extracted only through the solvent medium (Locher et al., 1995; Kenneth 2009; Eloff 1998 Batish et al. (1997) reported that the phytochemical compounds are responsible for the antimicrobial activity. Kumaraswamy and Sathish (2008) reported that the activity may be due to the presence of various secondary metabolites. The antibacterial activities of the bryophytes collected from the high altitude areas are remarkable and results are comparable with standard commercial antibiotics. These may be due to the stressful environment where the plants are inhabited. It is already reported that the Plants interact with stressful environments by physiological adaptation and altering the biochemical profile of plant tissues and producing a spectrum of secondary metabolites (Umadevi et al., 2013; Sanjay Gairola 2010) . 
Conclusions
The results of antibacterial activity and phytochemical analysis of the high altitude bryophytes are considerable because it enables the identification of potential antimicrobials and other secondary metabolites present, which are act as source of innumerable therapeutic agents. Further research is highly warranted to find out the active principle responsible for antimicrobial activity and to elucidate the structure of particular compound.
